SUMMARY Visual evoked potential recordings were examined in 45 liver cirrhosis patients with (n=29) and without (n= 16) encephalopathy, in 15 normal volunteers, and in one patient with an opioid induced stupor state. Visual evoked potential parameters were classified on the basis of EEG recordings. Plasma concentrations of amino acids, octopamine, and ammonia were assayed in order to document the metabolic change of hepatic encephalopathy. Latencies and wave patterns recorded after flash stimulation differentiated the four degrees of the coma one from another according to EEG classification in the 29 patients with encephalopathy. In the group of 16 patients without clinical and EEG evidence of encephalopathy the visual potential recordings discriminated a group of patients (n=10) in a preclinical stage of encephalopathy. Biochemical parameters and subsequent clinical observation of patients confirmed our judgement of a preclinical stage of encephalopathy. These results suggest that visual evoked potentials are a simple, suitable and objective method for differentiating the degrees of encephalopathy and for identifying the preclinical stage of encephalopathy.
Clinical observation of the neuropsychiatric condition,14 psychometric tests, 7 and EEG recordings1-3 8have been used to differentiate the degrees of hepatic encephalopathy due to liver cirrhosis, but none of them seems objective or sensitive enough to quantify the degree of coma, nor to detect, as well, the preclinical stages of hepatic encephalopathy.
Visual evoked potentials were first used in For visual evoked potential recording patients were in the dark in an electrically shielded Faraday room. Two AgCl electrodes were applied to the scalp with collodium. The active electrode was placed at Oz (international 10-20 system) and connected to the negative input (IT 2) of a differential amplifier (filter bandwidth: 2-70 Hz, 60 db/ decade), while the reference electrode was placed at Fz. 25 The left earlobe was grounded. Interelectrode impedance was reduced to <5 Kfl with light abrasion of the scalp, using salt gel as a conducting medium. As a stimulating device a 50 cm diameter dome was used, which by reflection on its inner white wall provided the light stimulus, generated by a xenon lamp flash lasting 10 msec. The energy of the lamp was 1 J and the stimulation frequency 1 Hz. Patients were in a bed under the stimulator, the distance of the dome pole from the eyes being approximately 55 cm, pupils were fully dilated with 0-5% tropicamide and 10% phenylephrine (Visumidriatic fenilefrina) and they were examined with closed eyes, in order to have normal subjects and comatose patients in similar conditions. The hemisphere gives a large field stimulation minimising any visual evoked potential variation due to changes of the position of the eyes, which occur in comatose patients. Furthermore, the closed lids act as a diffuser, so that fixation was not a factor appreciably influencing the response. After differential amplification the signals were fed into an Ortec Averager; 64 responses were averaged, shown on an oscilloscope and then recorded on paper by an X-Y plotter. Visual evoked potentials were classified according to EEG evaluation.
To exclude purely optical interference on visual evoked potential changes an ophthalmological examination was performed when patients were able to cooperate: this consisted of visual acuity, confrontation of visual fields, pupil reflexes and fundoscopy. To the same end three patients with most severe liver cirrhosis were tested by electro- (Fig. 4) .
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We did not detect any visual evoked potential differences related to the different aetiology of liver cirrhosis.
As shown in Fig. 5 , the patient in a profound stupor state due to an opioid overdose, had a shortening of N3 latency (140 msec) indicating that F4~--the changes of visual evoked potential pattern recorded in hepatic encephalopathy were not simply related to the lack of attention or fixation of n T e* patients. Vertical bars represent mean ± 1 SD ofthe amplitudes, The study n normal subjects showed that visual horizontal bars represent the mean ± I SD ofthe latency of evoked potential is a reliable method and that the nearest peak ofall studied subjects. Student's t test: latencies and waveforms are constant. This reli-*p<0-01 vs normal subjects and HEO0,.
ability depends on a few constant factors maintained Fig. 3 Visual evoked potentials in liver cirrhosis patients with encephalopathy. HE, panel represents the visual evoked potential pattern in one patient with encephalopathy degree 1, HE2 panel represents visual evoked potential in one patient with HE degree 2, HE3 and HE4 panels represent respectively visual evoked potentials recorded in patients with encephalopathy degrees 3 and 4. Means and SD ofall studied subjects are reported as described in Fig. 1 4 Visual evoked potential patterns recorded in the patient with portocaval anastomosis examined twice in degree 4 ofencephalopathy (-, HE4) and in degree 2 of Fig. 5 Visual evoked potential recording in the patient with encephalopathy (---, HE2) .
opioid induced stupor state. . 34 42 This method proved objective and sensitive enough in grading the different stages of hepatic encephalopathy as substantial differences between the four degrees of coma were documented. Differentiating parameters seem to be the latency of the N3 wave for HE1 vs HEO-1, the wave pattern for HE2 vs HE1, the latency of the last negative wave for HE3 vs HE2, and the wave pattern for HE4. On the basis of the visual evoked potential changes recorded in the same liver cirrhosis patients with different neurological conditions, and in accordance with study during sleep or anaesthesia,43 44 these patterns seem to reflect the neurological disturbance variations occurring in the brain during hepatic encephalopathy.
Both visual evoked potential and EEG are an expression of postsynaptic cellular potential activity, 45 46 Another important point in favour of the visual evoked potential is the fact that it appears to be a sensitive method in the recognition of the preclinical stage of hepatic encephalopathy. In fact, with this method we could select as abnormal a group of patients (HEO11) who appeared normal to neuropsychiatric examination and to EEG recording. Biochemical parameters and the observation of a clear encephalopathic state which two of these patients developed a few weeks later suggested that these subjects were in a preclinical stage of hepatic encephalopathy when tested. 
